Long-term survival of 116 leukemia/MDS patients received allo-SCT conditioned by a regimen with ATG-F or without ATG-F was analysed, together with the impact of ATG-F on the long-term survival, GVHD and disease relapse. Seventy patients received an ATG-F containing conditioning regimen FBCA, and 46 patients received a non-ATG-F FBC regimen. The FBCA regimen was associated with a 5-year survival of 65.4% in the complete HLA-matched group and 39.3% in the HLA-mismatched group. The difference between the two groups was significant (P = 0.012). For the FBC conditioning regimen, the 5-year overall survival of HLA-matched patients and the HLAmismatched patients was 34.2% and 24.2% respectively (P = 0.216). The incidence of cGVHD was 32.9% and 83.6% in the FBCA and FBC condition regimen group respectively. Only 2.9% of the cases showed extensive cGVHD in the FBCA group while it was 69.4% in the FBC group (P = 0.00). Multivariate analysis indicated that relapse was related to the disease status and HLA typing, but unrelated to the conditioning regimens whether or not ATG-F was used (HR 0.54, P = 0.109). We conclude that the addition of ATG-F to conditioning regimen favours the longterm survival of allo-SCT.
INTRODUCTION
Allogeneic hematopoietic stem cells transplantation (allo-SCT) is a curative therapy for hematological malignancy. Long-term survival of allo-SCT after first complete remission (CR1) of acute leukemia has reached 50% -70% [1, 2] . Even with refractory acute myeloid leukemia, the long term survival of allo-SCT can reach 30%. [3] However due to HLA-discrepancies between donor and recipient, the Graft Versus Host Disease (GVHD) continues to be the major source of morbidity and mortality following allo-SCT, and the risk of severe GVHD increases with the level of HLA mismatches between recipient and donor [4] . In one study, the rate of acute GVHD (aGVHD) increased from 29% for recipients of HLA genotypically identical sibling grafts to 63% for recipients with one antigen incompatible unrelated donor grafts [5] . In the standard myeloablative conditioning allo-SCT setting using HLA-matched related or unrelated donors, the classical prophylaxis of GVHD consists of the administration of a calcineurin inhibitor combined with low-dose methotrexate (MTX). This regimen reduces the incidence of grade [2] [3] [4] acute and chronic GVHD (cGV HD) after allo-SCT using matched-related donors to 35% and 45% [6, 7] , whereas these incidences are 60% and 70% in the context of matched unrelated donors (MUD) transplants [8] . Attempts are therefore needed to improve GVHD prophylaxis in allo-SCT.
A study reported by Grüllich [9] showed that anti-T lymphocyte globulin (ATG) could not only induce apoptosis in T-lymphocytes, B-lymphocytes, natural killer (NK)-cells, and monocytes but also induce human leukemia cell lines such as Jurkat, Daudi, DG-75 (lymphoblastic), and K562, HL-60, KG1, and U937 apoptosis. Hematopoietic stem cells (HSC), in contrast, were apoptosis resistant and could be growth stimulated by lowdose ATG in the presence of bystander cells. Those studies suggest that ATG not only might be a strong immune suppressor but also could support HSC engraftment and influence the allo-SCT outcome positively.
Remberger M. et al. [10] reported that using polyclonal anti-T-cell globulin as part of the conditioning regimen of allo-SCT, reduced the risk of aGVHD of grades II-IV and cGVHD remarkably. Finke et al. [11] reported that rabbit anti-T lymphocyte globulin could achieve good results in the prevention of aGVHD in unrelated or HLA mismatched allo-SCT in 2003. And Finke [12] reported in 2009 that 201 patients with hematologic malignancies were randomized to receive cyclosporine A (CyA) and MTX with or without additional ATG-fresenius (ATG-F). The stem cell source was peripheral blood (n = 164; 82%) or bone marrow (n = 37; 18%), the donor type was unrelated, and the conditioning regimen was myeloablative. The analysis comprised 103 ATG-F patients and 98 controls. The cumulative incidence of aGVHD grade III-IV was 11.7% in the ATG-F group versus 24.5% in the control group (P = 0.054), and the cumulative incidence of aGVHD grade II-IV was 33% in the ATG-F group versus 51% in the control group (P = 0.011). The 2-year cumulative incidence of extensive cGVHD was 12.2% versus 42.6% (P = 0.0001). It has been known that the addition of ATG to conditioning regimens can not only reduce the incidences of aGVHD and cGVHD significantly but also facilitate engraftment in allo-SCT [13] [14] [15] . Despite promising result in GVHD prevention and graft facilitation, ATG use is greatly limited by multiple side effects. It has been reported that addition of ATG to conditioning regimens could delay the immune reconstitution in vivo and might increase the risk of leukemia relapse. Cytomegalovirus (CMV) and Epstein Barr virus (EBV) reactivation, lymphoproliferative disorders [16, 17] are reportedly increased with the use of ATG. The ideal dose of ATG that exerts the highest effect in conditioning regimens while having the lowest toxicity has not yet been defined and the form and preparations of anti-T cell globulins from immunizing different T cells affect the results. Recently R. Devillier et al. [18] reported increasing the rabbit ATG dose in reduced intensity conditioning from 2.5 to 5 mg/kg reduced aGVHD and cGVHD for patients with myeloid malignancies undergoing allo-SCT. An ATG dose of 5 mg/kg in the setting of reduce intensity conditioning regimen (RIC) seems to provide a good balance between antitumor effect and GVHD prevention without any significant increased relapse rate.
We started to add ATG-F to the conditioning regimen since 1999 and established a conditioning regimen including fludarabine, busulfan, cyclophosphamide and ATG-F (FBCA) for transplantation in leukemia patients. A dose of 2.5 mg/kg × 5 days of ATG-F was added to the conditioning regimen for HLA identical patients and 5.5 mg/kg × 5 days for HLA mismatched patients. The longterm survival, relapse rate and incidence of GVHD with leukemia/myelodysplastic syndrome (MDS) in patients receiving this FBCA conditioning regimen were analysed retrospectively. The results were compared with the conditioning regimen without ATG-F, to observe the impact of adding ATG-F to the conditioning regimen on longterm survival, the incidence of GVHD and the disease relapse rate in leukemia/MDS patients.
MATERIALS AND METHOD

Data Collection
Data from leukemia and MDS patients who received allogeneic hematopoietic stem cells transplantation in our department from 1 January 1999 to 31 December 2010 were collected. The diagnoses of leukemia and MDS were confirmed by bone marrow cytological examinations, chromosome analysis, immunological typing and molecular biological examinations. For historical reasons, data of some cases were incomplete.
Inclusion Criteria
Inclusion criteria included patients with leukemia and MDS aged between 12 and 60 years old who underwent allogeneic hematopoietic stem cell transplantation and achieved hematopoietic reconstitution with survival longer than 1 month. The exclusion criteria included age below 12 years or above 60 years, transplantation failure, unsuccessful hematopoietic reconstitution, or death within 1 month.
Characteristics of the Patients
From 1 January 1999 to 31 December 2010, a total of 116 patients with leukemia and MDS received allogeneic hematopoietic stem cell transplantation, of whom 75 cases had acute leukemia. 37 had acute lymphoblastic leukemia (ALL), 38 had acute myeloid leukemia (AML), 25 cases had chronic leukemia and 16 cases had MDS. CR1 in 71 cases, second complete remission (CR2) in 14 cases, third complete remission (CR3) in 5 cases, and no remission (NR) in 26 cases. Data details are shown in Table 1 . In sixty-nine cases there was a complete HLA match and in 47 cases of the HLA was mismatched. The FBCA conditioning regimen was approved by the board of ethic of our hospital. All patients in the group written informed consent, in accordance with the Declaration of Helsinki.
Transplantation Procedures
In this series, 70 patients receive ATG-F as part of the conditioning regimen FBCA, whereas 46 patients received no ATG-F FBC conditioning regimen. The )/kg GranulocyteColony Stimulating Factor (G-CSF) mobilized mononuclear cells (MNCs) was infused. GVHD prophylaxis [19] included CyA and a short course of MTX. The transplantation was carried out under full environmental protecting conditions. Other supportive care included blood transfusion and gamma globulin infusion. CMV pre-emptive treatment [20] and anti-fungal prophylaxis [21] were carried out conventionally. The diagnoses of acute and chronic GVHD were in accordance with methods reported in literature [22] [23] [24] .
HLA Typing
HLA Type I and Type II antigens were detected serologically prior to 2004. After 2004 the HLA Type I and Type II antigens were detected with the Sequence-Specific Primer (SSP) method.
Follow-Up
Routine blood checks were taken once a week within the first half year following the transplantation of the hematopoietic stem cells. A bone marrow smear and leukemia fusion genes were checked once every month. CyA was discontinued at 6 months after transplantation in HLA full match patients and at 1 year for HLA mismatched patients.
Study Endpoint
The short-term endpoint of the study is the influence of ATG-F on the relapse of post-transplantation leukemia, defined as the time from transplantation to hematological recurrence of the leukemia or MDS after the transplantation. The secondary endpoint was the influence of ATG-F on long-term survival, defined as the time from the transplantation to the most recent follow-up when the patient was still alive. The time of statistical analysis was January 2012.
Statistical Analysis
The SSPS17 statistic software was used. The survival analysis was performed with the Kaplan-Meier method. Univariate and multivariate Cox proportional hazard regression models were used to evaluate variables which 
RESULTS
Addition of ATG-F to Preconditioning Regimens Favours the Long-Term Survival
Apart from 1 case who failed to graft in the FBC conditioning regimen group, 115 cases were entered into the statistical analysis. All 115 patients achieved successful hematopoietic reconstitution. Of these patients, 56 patients died of various causes and 68 patients still survive, with a median survival time at 26.8 months. The outcomes after transplantation with different conditioning regimen see Table 3 . After transplantation, 24 of 26 patients who had not experienced remission before the transplantation achieved hematological remission giving a complete remission rate of 92.3%. The 2 year overall survival and 2 years disease-free survival were both 50.6%. The 5-year overall long-term survival and disease-free survival were both 45.0% (Figure 1) . A significant difference was found between the long-term survival of patients receiving different conditioning regimens. The addition of ATG-F to the conditioning regimen had an effect on the long-term survival both of the complete HLA identical transplants and the HLA mismatched transplants. The survival curves of the FBCA group and the FBC groups are shown in Figures 2-5 . Of the patients receiving the FBCA conditioning regimen, the 2-year survival and the 5-year survival of the complete HLA matched transplant were 69.2% and 65.4% respectively, and the 2-year survival and the 5-year survival of the HLA mismatched transplant were 39.3% and 39.3% respectively. On the other hand, in the patients receiving the FBC conditioning regimen, the 2-year survival of the complete HLA-matched patients and the HLA-mismatched patients were 50.9% and 24.2% respectively. The 5-year overall survival of HLA-matched patients and the HLA-mismatched patients were 34.4% and 24.2% respectively. There is a difference between the two conditioning regimens in terms of overall survival of patients with both HLA full matched transplants and HLA mismatched transplants (P = 0.012). The results indicate that an addition of ATG to the fludarabine, busulfan and cyclophosphamide conditioning regimen may improve the long-term survival and the disease-free survival of the transplantation patients whether they are completely HLAmatched or HLA-mismatched. of aGVHD especially severe aGVHD between FBC and FBCA conditioning regimen was significantly (P = 0.022). Chronic GVHD occurred in 23 cases of the FBCA group and the incidence of cGVHD was 32.9%. Whereas 30 cases of cGVHD occurred in the FBC group and the incidence of cGVHD was 83.3%. Comparing the two groups showed a significant difference (P = 0.00), see Table 4 .
Addition of ATG to Conditioning Regimen Reduces the Incidence of Extensive cGVHD
The degrees of severity of the cGVHD were also different. In the FBC conditioning regimen group, the cGVHD were mostly extensive, with an incidence of 69.4%. However, in the FBCA group, the incidence of extensive cGVHD was only 2.9%, and limited cGVHD occurred in 30% of patients. Oral ulcers and raised ALP in liver function tests, with no impact on the quality of life in these patients. The median time to the occurrence of cGVHD in the FBC group was 110 days and in some patients the cGVHD was transformed from aGVHD. In the FBCA group, the median time to the occurrence of cGVHD was 150 days, indicating that the addition of ATG to the conditioning regimen could postpone the occurrence of cGVHD and reduce its severity. the post-transplantation relapse was relevant to the status and subtypes of the diseases prior to the transplantation. In the 21 cases with NR patents before transplantation, 15 had MSD and 6 had leukemia, 5 cases of leukemia relapsed after transplantation. The relapse rate in the pretransplantation CR1 leukemia group was 20.6%, and it was 61.5% in the partial remission (PR) patients, and 46.2% in the CR2 patients. The differences between the groups were significant (P = 0.025). The relapse rate in the patients receiving FBCA conditioning regimen was 25.7%, and the relapse rate in the patients receiving FBC conditioning regime was 32.6%. The median time to relapse was 6 months after transplantation, with the longest time being 12 months. Univariate correlation analyses were carried out between the relapse and the pre-trans-
Addition of ATG to Conditioning Regimen Did Not Increase the Risk of Relapse of Leukemia
Long-term follow-up was carried out in all transplanttation patients and the longest follow-up period was 125 months. Thirty-three cases of leukemia relapsed, with a relapse rate of 28.4%. Of these 6 patients achieved complete remission by donor lymphocyte infusion. Overall, plantation disease status, the time of transplantation, whether or not AGT was added to the conditioning regimen, HLA typing and karyotypes. The results showed that relapse was significantly related to the status of the diseases at the time of transplantation (HR = 1.581, P = 0.024) and the subtype of the disease (HR = 0.880, P = 0.036), but was not related to the conditioning regimen. Multivariate analysis indicated that post-transplantation relapse of leukemia was significantly related to the condition of the patient's diseases (HR = 1.894, P = 0.026) and the HLA typing (HR = 3.667, P = 0.010), but not related to the type of conditioning regimen. For correlation variant analysis, see Table 5 .
DISCUSSION
We [25] modified the classical busulfan and cyclophosphamide conditioning regimen for allogeneic hematopoietic stem cells transplantations in 1998. By using fludarabine in the conditioning regimen to increase immunosuppression, the engraft rates were increased. No engraft failure occurred with the conditioning regimen FBC. Furthermore, no T cell-depleted HLA haploididentcial transplantation was successfully achieved with the FBC conditioning regimen. However, the incidence of acute and chronic GVHD was still high. The frequency of aGVHD III-IV was 36% and cGVHD was high as 83%. The addition of ATG to the conditioning regimen not only reduced Time from disease onset to transplant 1.000
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1.00 -1.00 0.578 the incidence of cGVHD but also the severity of cGVHD. The incidence of cGVHD was only 33.3% in the FBCA conditioning regimen group, and most of the cGVHD in this group were limited, whereas the incidence of the chronic GVHD in the FBC conditioning regime group was as high as 83.3% and 69.4% of these were extensive cGVHD. These results are consistent with those reported by Bacigalupo [26] and systematic reviewed by Kumar [27] . The statistical analysis also indicated that an addition of ATG-F to the conditioning regimen could prolong survival. In the FBCA conditioning regimen group, whether the transplantation was HLA identical or HLA haploidentical, the long-term survival was significant higher than that with the FBC conditioning regimen group. The 5-year survival of the complete HLA identical cases was 79.1% ± 8.78%, and the 5-year survival of the HLA mismatched patients was 52.0% ± 10.3%. Our results are consistent with those reported by Kim [28] 2009 and Mohty [29] 2010 in HLA-MUR transplantation.
An increased risk of relapse of leukemia has been reported with the ATG-F conditioning regimen. Remberger et al. [10] reported polyclonal ATG as part of the conditioning regimen in 56 children with allogeneic stem cell transplantation. Relapse rates were 42% in Remberger's study. It seemed that the relapse rate was higher when ATG was added to the conditioning regimen. Moreover, an increase in the risk of relapse of leukemia with an ATG conditioning regimen has been reported by other authors [30] . On the other hand it has been indicated that the use of polyclonal ATG as part of conditioning prior to Allo-SCT improved the survival rate [15] . The important point is how to balance high efficacy of ATG and low toxicity. The toxicity of ATG increases with the dose of ATG. We used a dose of 2.5 mg/kg/d × 5 d ATG-F for the complete HLA-matched donor transplantation and a dose of 5.5 mg/kg/d × 5 d for the HLA mismatced donor transplantation. A total of 33 patients of leukemia in 115 patients relapsed, giving a relapse rate of 28.4%. The relapse rate in the patients receiving FBCA conditioning regimen was 25.7%, and the relapse rate in the patients receiving FBC conditioning regime was 32.6%. Multivariate analysis showed that ATG in the conditioning regimen was not related to relapse of the disease. On the other hand the disease status at the time of transplantation was related to the relapse rate. This finding is consistent with previous report [13, 29] .
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